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AJ!)st.mt’

M:irsl'atllfiTlclcr istl~cscc(Jl~(l  of NASA'  s``cl~c:i]~cl,l  ~ct[cr, faster’’l)iscovcry missions; the first, the Near
l{at(l~A stcroi(il  <cl~(lczvo~ls~~li  ssi{}l~, ivaslatlllc]lcc]  }icbrll:iry 17, 1996 to tag up with I{ros in IJcbruary 1999.
1 mlnchil~g  cm l)cccmbcr  2, 1996 and landing on Mars on July 4, 1997, P;ithfinde.r  will demonstrate a low-cost
delivery sys[cm to Ihc surfidcc  of Mars. IIistoricdly,  spacecraft th:it  orbit or land on a distant body carry a massive
amouIlt  of fuel for braking at [hc planet. Pat hfindcr rcqui rcs fuc] on] y to naviga[c to h!lars; t hc spacccraf[
mnbrakcs  in[o the. M MS atmosphere dircctl y from I iaILh-M  am t ransfcr t rajcctory, deploys a pirachutc  at 10 km
above the surf am and, within 100 m of the surface, fires solid mckcts for final braking prior 10 deployment of
airbags that cushion touchdown. After lan(iing,  pc[als open to upright the lander, followed by dcploymmt  of a
small rover and several scicncc  imtrumcn[s.

A major objcctivc  of Pathfinder- acquisition and return of cnginccring  data on entry, dcsccnt, ad landing
(1 i] )1.) aid lander performance- -will bc complctcd  within the first fcw hours after landing.  ID addition, the lanclcr
will transmit images of the Marlian surface the first clay. Next, a rover will bc deployed, as early as the first day,
to perform mobi] ity tcsls, image its surroundings, inchdillg the lander, and place an alpha proton x-ray
spc.c.(romc.ter (A1’XS) against a rock or soil to make clcmcntd  composition mcasurcmcnts. “J’hc primary mission
durations for the rover and ]andcr arc mm wcc.k [id cmc  month, rc.spcctivc] y. 11 owcvcr,  there is nothing to
prccludc  lmgcr  operations up to a year.

]’athfidcr wi]i a]so accomplish a focused, exciting set of scicncc  illvcstigatims with a stereo, mdti-co]or
lander imagcr on a pop-up mast; atmospheric itlstrlllllclltatioll  for measuring a pressure, (cmpmaturc  and density
profile during entry ancl dcsccnt and for monitoring marlian weather after landing; and the rover with its forward
and aft cameras and the A1)XS. ‘1’hc APXS ancl the visible to near infrarccl  filters on the ]andcr imaging  systcm
will dctcrminc the c]cmcntal  composition and constrain the mincralo,gy of rocks and other surface materials, which
can bc used to address first order questions concmming  the composition of the crust, its different i at ion and the
dcvclopmcnt  of weathering prodL~cts,  Regular tracking of the lander will allow (Ictcl’lllitl:iti[)ll  of the mar[ian po]c of
rotation, its precession s i n c e  Vikitlg cm Jllc:IsLlt’c]llcI)ts, and the moment of inertia,  which should allow
discriminalim bctwccn  interior modc]s that include a metallic core and those that do not.

‘1’hc ]’alhfindcr ] .anding Si[c sc]cctcd  is Arcs Va]lis ( 19.5°N, 32,8°W),  which is near the sub-so]ar  latitude
( 15“N) for maximum solar power at landing on July 4, 1997 and is at 2 km bc]ow the da[am for corrcc[ operation
of t hc parac.  hutc. ‘1 ‘hc site is in ChIysc  Plan it ia a lowland where a number of c.atast rophic f 1 oods from the
highlands to the nor(t) cicbouch.  It is a “grab bag” site wi[h the potential for sampling a wide variety of cliffcrcnt
martian crustal materials, such as ancient crusf:il materials, intcmcdiatc age rid.gcd  pl:iins and a variety of
reworked channc.1  materials. 1 ;vc.n lhough  the cxacl  provenance of the samples WOUICI nd bc k flown, data from
subscqllcnt  orbital remote sensing  missions could bc used to infer the provenance for the “gmulld truth” Sillll])lCS

s[udicd by l’athfindcr.  Available data suggest the site is about as rocky as the Viking sites, but perhaps a bit Icss
dusty.  ‘1’his site has s[rcamlincd  islands nearby, carved by the. flood, and a very smooth dcpositional  sLIrfacc at
Viking resolution, c.xccpt for small hills and secondary craters.

‘J’his paper reports on the status of Mm Rtthfindcr’s  clrivc. to space qualify its 1+’]ight  Systcm for launch on
IJcccmbcr 2, 1996 under a COS[ cap -in particular how the Project is dealing with qualification of its entry, dc.scent
and landing cvcn(  and the surface operations phase as well as lhc normal launch and space flight phases. It also
rcpolls  on its landing  site selection and scicncc plan.
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~tmosyh~~c  SIIUCILIK  instrument / MctcoIQ&y  l?%kigcIASIf_M_lI’j
‘1’hc  AS1/MI  ~1’ is implcmcnte.d as a facility instrument, dcvclopc(i  by J]’],, to provide cnginccring  support

10 (11c mc.asurcmcnt of [he entry dcsccn( ml landing conditions and to acquire science data both before aIId :iflcr
l a n d i n g .  1  Ma a c q u i r e d  during  the entry  and descent  of  the  lan(lcr  permits  the  rccons(ruction  of  prof i les  of
a(mmphcric  density, temperature and prcssurcj from altitudes in C. XC.CSS of 1()() km to the sLlrfacc.  ‘1’hc
accclctmmtcr  por[im  of the, experiment consists of rcdudant  x-, y- and z-axis sensors. “1’hre.c gain states arc
pmvidcd  to cover the wide dynamic range from the micro-g accclcratims cxpcricnccd  upon mtcring the
atmosphere to the peak deceleration cxpc.ricncc,d  during entry into the atmosphere.

‘]’hC  AsI/M f irf illSt~LllllCIl[  haIdWaIC. COINiStS  Of 4 thCllllOCOLl])]CS  d a W i n d  SCIISOI’  lllOLllltCd  011  a ] IllCtCl”
](mg tn:isl  that dcp]oys  upright fl”mn the CM] of a ]andcr pcta]  after ]anding. A pressure sensor is mounted within
the thermal ct]closarc  of the lander with a tube lcadit~g  to a triangul:ir  opening between tk petals for measurement
of the pmssurc  during cicscent  and after larding. IVcssurc  and temperature sensors arc sampled twice per second
whik  entering and dcsce.nding through the atmosphere. ‘J’cmpcralLIrc,  prcssLIrc,  wind speed and dirccticm arc
SalH])]Cd  ]KN1l’]y  thl’OLl@)Llt  thC ]dCd llli SSiol) at lllLlhi])lC  hCi@tS  ab[lve thC.  ]OCal SlllfaCC.

l{ OVCI’ II)s,sl’lllllcllts
‘1’hc rover  payload consists of monochmnc  stereo forward cmcras for hazard  detection and terrain

imaging and a sillglc  rear color camera, (h the rear  of the vehicle is the. alpha proton x-ray spectrometer ltmunted
on a dcp]oymcnt  device that cnab]cs  p]acing  the APXS sensor hcac] up against both rocks ad the soil al a wide
variety of oricmtatims,  ‘J’hc  rear  Facing  camera  will image the Af’XS mcasurcmcnt  site with order 1 mm resolution.

‘1’hc.  rove.r will also perform a nLmlbcr  of technology cxpcrimcnts  clcsigilcd  to provide information that will
improve the (icsign  of fLULwc planetary rovers. ‘1’hcsc  cxpcrimcmts  include: tc.rrain  geometry reconstruction from
latdcr/rover imagery; basic soil mechanics by imaging whcc.]  tracks and wheel  sinkagc;  dead reckoning sensor
performance aI)(l path lccollstrllcliol)/rccovcly;  logging/t  rending of vehicle data; rover  thermal cllaractcli7,atio  I);
r o v e r  vision  scnsm  pcrformancc;  UJ 11; link cffcctivcncss;  mater ia l  abras ion by sens ing loss  of  covclings  of
(Iiffcrcnt  t h idncss  on a rover wheel; and material a(lhcrcnc.c  by mc.asLlring  dLtst  accLmlLllatioll  on a reference so] ar
CC]] W i t h  a l“ClllOVab]C  COVC.I’  ad  b y  di~CCt]y  lllC:WLllil)~  thC lllaSS  O f  thC aCCLllllLlkltCd  CiLISt  011  a (] L1ZLI(7  C.rySta]
IIliclol):il:lllcc.

MARS I’A’1’1 Il;lNI)liR PROJf iC1’ APPROAC1  1
l’alhfimlcr is in a special “chc.apcr,  bctlcr,  faster” project operating mode, accomplishing a c.hallcnging

mission on a quick reaction schedule, at low cost and fixed price, using a “Kelly Johnson” like skunk works
approach, with the majority of its team co-located within J]’], focusing on a limited set of objcetivc.s, cost-
cffcctivcl  y balancing the LISC of avai lable  and NW  tc.chnology,  exploiting J]’] ,’s deep space  ‘infrastrLlct  arc,
stream]  i ning project approaches and minimizing bureaucratic rcd tape. NASA’s  office of Space Scic.ncc is
dcvclopil]g ]’atbflndcr. ‘1’hc Actwmcccl  Concepts ad ‘1’cchnology  office tcamc.d  with the Space Science office is
dcvc.loping the Pathfinder mvcr. Pathfinder is being pcrfomd at J]’], in its in-house, subsystem mode.

j’rqjwt Cllid!cxgcx  in ‘I’oday  ’s ~invjtmtlmemj
]’l”ojccts  LIIdCL’ tight cost and SChC(iLl]C  constraints lllLISt  1)01  take “short  cLlts” in certain  critical project

illlj)lc.lllc.lltiltioll  steps, jLlst the opposite, these steps nlLlst  be C@laSi7,Cd  CVCI1 more.
Some. of these critical steps arc:

1. ‘] ’cchnical,  cost and schcdu]c  planning
2. ‘1’cchnieal,  cost ad schedule monitorin~  and control
3. Risk assessment and mitigation

l<isk has two clcmcnts: programmatic and mission which arc highly interrelated. [)~cl-cllll)ll:isis  on staying
within  the bLldgct coLlld jcoparcliy,c  mission sLIcccss,  and in to(iay  ’s environment, it  is not  acceptable .  to ovcrILln
cost caps.

in addition, with NASA’s breaking up the available space .$ pie into many small missions, avoicling  all
eggs in onc basket, the.rc is no CXCLISC for taking  LIIIdLIC.  programmatic or mission risk 011  any  onc small mission.

‘J’lwn how dms a project  m a n a g e r  procmd  wifh whal a p p e a r s  to be a rather highly
constrained project implementation challenge: accomplishing a significant mission, under tight
cost and schcdulc  constraints, while not failing?
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First: At the outset, a mission scope

‘1’his is a mm-lrivid task since it

doable. within the $ cap must bc identified, firmed ad main[aincd.

rcduires  siflnificant LI[> front m i s s i o n  [>lantlin~.  asscssmcnl  o f
J L,

illl]>lclllcllt:ltic)l),  design mcl [cA challenges and thorough cost cstima(ing. ltcration  0} missi;il scope may bc
Ilc.ccssi\ry  to:ic.llic\’c.  a sufficic.nt  $ rc.serves pool at the start of Ihc pmjcc[j correctly phased over the spill  of Ihc
dcvc]opmcnt  pcriort. Ikw Pa[hfimlcr, wc started with a $1 (K)hcl mission sc.opc  with $50M in mmms (1 ‘Y92 $),

A]>]>ro~lclli[lg  l:itll~cll,  tl~clllajolityo  f(JLll$r  csc1vcsllavc  been usd, not for increased mission scope, this
lc~lll:lillc{l:  lsoligill:illysl  >ccificcl,l>tlt  to cover flight systcm illl]>lclllcl][atioll  challenges largely in 1;1)1. design and
test and ill sqw.xxing  cruise, JH)IJ, and surface operations functions jnto onc spacccraf[-  our two major
it]novations  on this project, both with Iargc $ uncc.r(ainty  at the outset.  ~’hc. mt of tbc project  clmmts.  projcc(
management, mission design, gl”ound Cia(a  sys[cm, mission operations Cicvckqmc.nt  ant] instruments m“c being
acamlplishcd at OLIr under their original cost caps.

IIarringmajm  difficu]tics  in final flight system and cnvjronmcnta]  testing, we stand a good chance of
completing dc.vdopmcnt  within Ihc cost cap.

bsccond  : l’rojcct monitoring and control methods must bc established to assess pcrfomaacc  so that cffc.ctivc
necessary corrective actioncan bcjl~l]~lc{llc~  ltc(lc]llickly fol~>roblcllls.

With td:iy’s  computers ad managcmc.nt  tools, the. challenge hem lies with sclcclicm  of a system a]~d
mctricslha( arcusc.ful  lolhcpmjcct  team at the s~illlc.  tilllc]lro\'i(l  illgclcitr  rc]>[.csclltatiolls  {lf]>crf{Jrlllt  \llcc.tcJ
l’rogram atl(i institutional mana~crs of the l’reject.

l\~ltc()lll]>~ltel:  ii(lc(ll~letrics,  scllc(llllcs,t:  it31csof costillc\  'c1yfc)1tll:it:ilc  only as good as the input, ncvm
CVCI wi I I they bc a subst it utc for a good tcam- which if ncccssary  cm still do a project on the back of an
Cmvclopc.

l:irst wc assembled an cxcellcnt,  motivated team. Now that may sout)d  like “Mo[hcrhoocl  and Apple Pie”,
but far :ind away this is the most important  ingredient to J’athfindcr’s  succcssfa] approach to date. Pulling high-
spiritcd imiividua]s togc.the.r, inside and outsiclc  J]’]., to make up the Pathfitdcr  team was not an easy task. With
.tI’l, institutional support, kcy team members were cx(ractcd  from their hmnc divisions an[l co-]ocatcd  with the
]’rojccl  in what is cal [ccl a “soft projcc(intkm  mdc”  where team nmnbcrs  remain a(llllillis(r:iti~’cly  tied to their
home divisions. ‘1’hc team is a mix of bright, ambitiom youth and seamed o]d-timers, all scnsilizd not only to the
technical chal  lc.ngc but vc.ry important] y to the need to do this job at a fixed price. Al I were cmpowcd  to producw
tlmj r product :iccording to MI: p] an.

Not ful 1 y appreciated at the star[ was the dcgrcc  to wh jch wc would ncccl  to expand the Pathfinder team
outside of J1’1,  in order to bring in the ncccssary  c.xpulisc  for dcvcloptmmt  of our Cn(ryj  dcscmt and landing
approach.

Wc knew wc had to go outside of J1’1, for this, but ncvc.I appreciated how much. You could not go to the
J1’1.  phone book an(i look up tbc natncs for the. plmctary c.ntry, dcsccnt  and landing division. WC, have. not had
this dcvc]opmcnt  cxpcr(isc at J]’]. in place since the Surveyor Mom) mission jn the 1960s- as a mat[cr of fac(, no
complctc.  plane.t ary 1 anding dcvclopmcnt  tcchno]ogy base was avail ab]c al) ywhcrc in the lJS.

At l’at hfidcr start, just bits ancl piccc.s  of rc.latcd  cx]>c.r(isc  wmc scattcrcd about, We scourccl  the
country  si(ie and founcl this support:

1. Mzjor test fdcilitics am] test cxpcrtisc for early l>r[)of-of-collccl>t  airbag testing at Sandia Na[ional
1 .aboratorics

2. Kcy :igcd,  but contributing Viking cnginccrs  an(i managms  and their lessons learned
3. 1 ixccllcmt, cos(-cffcctivc atmospheric c.ntry supporl  from NASA’s Ames and 1.anglcy Rcsc.arch  Centers
4. Acroshcl]  design, fabrication and test cxpcr(isc a[ 1.ockhccd h4ar[itl  adaptjng  the Viking  design

incldin,  g usc of the Viking hcatshicld ablative material
5. l’arachutc,  cxpcricncc  at Pioneer Acrospacc  adapting mainly their }iar[b parachu(c cxpcr(isc,  but st atling

wilt) the Viking  disk-gap-band par:ichute. design and importantly relying on Viking’s cxlcnsive
parachute test cxpcricncc,  especially at high altitudes

6. }ixtcmsivc cxpcrlisc  at 111 l)ovcr for l’a(hfindcr’s m:ljor dcvclopmcnt  of the airbags
7. Major tc.st I_acjlities  and test cxpcrtisc at the China 1.dm Naval Weapons Ccn(cI  for rockc.t drop tests,

alt imdcr tests :ind cruise stage-backshcl]- lander separations tests
8. Major test Pdcilitics and test cxpcr{isc at NASA’s J ,cwis Research Center Plum Brook  Station clumlbcr

for airbag drop tests at simulated Mars atmospbcrc
9. Very importantly, the infusion into the l’athfindcr  team of a clcsign-test-design-test some more ---

cultarc  for items like. the parachute, the. bridle, solid rocket system and the airbags by Sandia,  l’iol]ccr,
China 1 .akc and II .C IXwcr
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10. l)csign and test consulting and critique from wilhin J]’] ., Sal](lia,  Space lndus(rics,  NASA’S Ames and
1,at~glcy  Research Ccnfcrs, 1.ockhccd  Martin and from numerous consultants (WC also interacted with
the Russians and tbc ]iuropcan Space A,gcmcy  [f ;SA])

J]’]. is putting the. whole liIJl,  systcm together: performing the sys(cm design, orchestrating [be ID], tests
and simulations, asscssin,g mission risk mitigation, ant] building the. backshcll,  bridle and  lander  incluciing its
Uprigh[ing  petals  ( a s  WC]]  as lbc clllisc s t a g e  W}lidl iS jC[[i SollCd  pio~ [0 mltry).  ‘~’ilc fll]] ];])], team  iS ]islcci  ill
‘1’abIC  1. ‘1’o a contractor,  small to large, c.ach got with the. spirit of Patbfindcr,  doing more. for less. Most mn(rac(s
wc.rc fixc(i  price.

‘1’able 1: 1{1)1  . SLJPI’C)R’1’  ‘1’1iAh4

I Svstc.m i J}’].
1 . . .- 1
!

R:(i 11 at ‘1’cam  ‘ J])] ,,
Analysis, Consulting, Review spa(
1 Mrv  IXmamic.s  Sim 1 all{

lJSC, Space ln(iustries,  11(;1 ,A, C1’1’, [)(imr cmsultants
~c ln(iustrics
.;lcy Research Gnlcr

hishill  Strllcllll”c 1,ockhcc(i  Martin
IIackshcll  lntcrfacc Plate (1311)) J])].
Acrosi}c.11 and 1 lcalshield  Anal ysis 1.ockhccd Marlin
1 lca(shicld Analysis Suppor[

=3
Ames Research Center/Applic(i Rcscad Associates/l xmglcy  Research Ctr.

IIackshclt  ‘1’1’s 1 ,OCI(IMTA Marl  in
. . . . . . . .

. .. ----  . . . . . . . . . .
1311’  InsHlatl(m I Ames ~CSCa~Cb ~:Cll(C1’
h4ulti-Jlo(iy ])csccnt  Sim I JPI, 7

I

l’aracllLltc Pioneer Acrospacc
—

I\ricilc.  IW.3p  ‘1’csts China 1,akc Naval Air Weapons CIcrl(cr
IIri(ilc .lP] ,
I< Al> SVS(CIM JPl , =1
RAIJ ]&kCk ‘J’hiokol
Airbag lmpaet Analysis Sanciia National 1,ab, Rockwell
Airbam 11 K: 1 X)vc] =+
Airbai  (i:is  Generators “1’biokol
Scparat ions J])] ,
Sc(]llcncc JP1 ,
~ollltllLlllic:itiolls J}>l  ,.—
lM I ) 1 hop  ‘1 ‘Csts I China  1,akc Naval Air Weapons Gntcr
]ni(ial  AirbaR 1 MOD ‘J”cs( I san(ii~ Nntinn:)l 1 :~h. . . . . . . . . . . . . . . . . .,, ...

. . . . . . . I\
1+111-Scale. A-irbag’llnp  Tests I ,cwis  }’lum Hrook Rcscwch  (:cntcr
l’al’acbu(c 1 Mop ‘1’csts Yuma an(i Boise Orchar(i ‘1’raining  Rallgc 5

what nlakcs a goo(i project tcall]
A gomi pmjcc( tc:im rc]ics on flltl(i:illlcl]t~tls:  achieving a tt]ormgh un(icrstamiing  of the work scope,

breaking this work scope inlo its iadivi(iual pieces, assignit~g  in(iivi(iual  team members rcspmsibiiity  for these
picccs, giving  tbcm a clear lltl(iclst:~llciitlg  of their responsibility an(i constraints, an(i doing the systcm cnginccring
up front to ensure compatibility of the picccs.

A g,omi project tc.am is dynamic ad flexible. It carries an up-to-(iate,  thorough cost an(i  schc(iule  plan  in
front of it al al] times, changing the plan as ncccssary,  wbc.n ncccssary, to rcftcc( better un(icrslan(iing  of tim job as
it unfol(is, wmk-mmnds  to problems arl(i changes in scope m (iircdion-  which it) this (iay of fixc(i price projects
can’t bc tolera(cd to aay significant cicgrc.c.  Kcy to suc.cc.ss is achieving ant] maintaining a clctirly un(icrs(omi
pro.icct  objcclivc  up front with the customer.

On l’athfindcr,  for l’mjcct  performance tracking  an(i cent ro], wc a(iaptc(i lhc bai r- rai si IIg, al ti mcs
frus(ratitlg,  two-minute (irill “bcmi  but don’t break” (icfcnsivc  tactic Nld, tc.ams  usc to protect a lead: give up
yarciage  bul cim’t lcf tbcm score. Ym start tbc project, this (icfcmsivc. (irill,  with sufficient (iollars an(i scbcciLllc
rcscrvcs: our availab]c.  yar(iagc.  As mcmtimcd, wc started with $50M of tbc. $ 150M as rcscrvcs  an(i lai(i out a
scbc(iulc which had (iclivcrics of tbc major flight subsys(cms  starting as early as 21 mcmtbs after Project start  to
provide amp]c  time, 18 months for l;light  Systcm Asscmb]y, ‘1’cs( ami 1,aunch Operations  (A’]’] ,0).



Proccding  throughout  l’mjcd  dcvclopmcnl,
mcasNIrmcIIts  arc made. - aduals  compad against p] an.
passd out if nc.ccssary for rccovcry  against problcms-
launch,  using wisely our re.serves but not cxcccding the

monthly lcchl]  ical Schdlllc  al)(l  cost pcl’1-ol”lllancc
}’]:111S :Il”e U@ltC(]  W i ( h  tllth  SC]lC(ILI]C  N)(]  COS[ ~CSCIWCS
bending  but not brcakingcach  month as wc pocccd  to
caps. Again, impor(allt  to this is a thorou~h  10b of tm-

projcd  planliing  in ;{cfining  pmjcct scope and achic~ing  a tflorou~h Wok IIrcakdowtl  Structarc  (Wlli) and &st
c.slimalcs.

I hnphasis  is placed m looking forward towards completion of dcvclopmcnt,  kccpiug a thorough cost-to-
cmnplcte  estimate for all dcvclopmmt  itcn~s:

‘l”hc cost to complete estimate is equal to actLlal do] lars cxpcmdcd  to date plLIs dollar rcsc.rves required  for
(iclaycd work and problems- prcsen~  problems plus an cs(imatc for the likcl  y set of fut urc pmbl ems: “whtit  ifs”.

‘1’his is in cm[rasl  10 management’s tendency 10 look backward in mcasming  a project’s pcrfomancc:
mcasurit~g  add :icco]lll]lisll]llct][s  agains[ the origit]al  base.line. plan, but this too is important. ‘1’his is where
cojllpLltcr  aided project  mctries  arc h:indy:  p roducing  quickly ,  modifie(i plans and forward looking  cosl-to-
comple(c  cst i mates for the Prolcct,  at the same lime comparing Proiect  performance agai ns[ the original baseline
plan for its management. ‘

on Pathfinder we have an exccllmf team!

‘J’bird: ‘1’he discip]inc  of accomplishil~g  effective programmatic and mission risk assessment and mitigation
must be initiate.(i in project planning  and carried out throughout project clcvclopmcnt and flight
opcrat  ions.

AN 1 MIW1<’1’AN’1’  I)ROC}}SS
On Mars l’athfindcr,  wc cpickl y realized that an impor[ant  process pervaded both ~~lc>gr:~ll~l~~:itic  and

mission assessment and mitigation which brought to bear today’s cxpcr(isc  and space lessons of my individual
team members at the grassroots level. ?ivcn thmlgh wc arc driven to effect new ways of doing  busimss,  this
cmccpt  Iwmcd out to be not new, bu( just as important in the past as it is now.

ll_lzoilsxl(}wl]_lQ.tllis:
lior tasks mlatd to the above illll~lclllcj)t:iti[)l~  steps such as constructing a cost c.stimatc, or assessing $ or

schedule reserves ncccls, or assessing mission risk, the first step is to develop a thorough brcak(imvn  of lhc task
into its pieces, i.e., generating a detailed Work Hrcakdown  Structure (WJIS) for the budget  and generating a
breakdown of the mission functions form launch, thrmgh  cxuisc, 111}1.  and surfidcc. operations. Next, cwh piece
of the task is given to an acknowledged expert  of that piece for ana]ysis.  ]n most cases this is a project team
mctnbcr  empowered to implement this piccc, but it could involve. also one. or two of his/her peers in sLlppor[.

lnlfusing .Cx]wtlisc  and ICssons lcatmcd  at the !Q.w.est .Igc].s
You rely on these cxpcr[’s past experience base with their space lessons learned scars coupled with their

knowledge of present tcchno]ogics  ancl methods to derive plans and schedules for cost estimates and for assessing
weak an(i strong points of ciesign  for reliability estimate.s in Mission Risk Asscssmen(. This is risk analysis
coming  in at the lowest level, early whcm it cmnts.

once all the picccs of the task are. analyxcd,  then they arc added to form a COS( estimate, say, or they [ire
inputlcd into a Monte C2irlo  process to dc.rive. a Mission Success probability for Risk Assessment, as another
cxamp]c.  II] folding in the pic.cc.s, relative. “weak pieces” are identified for corrective action to make them hc[tcr.

A conscious :ind thorough applic.at  ion of this pmccss dcscribcd  above is bui It i nlo the Mars l’ath fi ndm
approach, it’s almost :iutomatic.  Again, nothing here is nc.w - hut it’s surprising as to how many places this same
process is useful. Also, it’s in the cluality  of the execution of this process that coL]nts  and this takes an excellent
team, knowledgeable and respect ful of past space lcssot]s learned.

(ilobaMop  d~wll infLlsion  of s~zace lessons.!ulu]c(l
in a(idition, Mars }’athfimlcr,  conducts external peer reviews periodically of all key design, il~~~>lcl~lcllt:iti(~ll

and test dc.c.isions  made by the project, over 75 of these to date.
l:or Mars l’athfindcr’s  Risk Asscssmcllt  and Mitigation activity, past deep space mission~  f~ilures,

problems and also successes are bcit~g  scnlliniz,cd for “coJnmon  threads” of mistakes, oversight and dcllciencics
and for thit]gs that went right that h4ars J’athfindcr  can avoid or exploit.

2 M:wincl,  Viking, VoyagcI,  MagcllaII,  (iallilco,  M:IIS OIWXTVCI missions
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IIottom line on mission risk: Robust designs, adcqllat[’ margins, cxfensive flight
qualification am] testing, litnild critical rdundancy,  built-in
graccfu] degradation,  coaplcd  with a shor( mission lift’ arc onr
major mission risk mitigations.

S’1’A’1’(IS ON {)(11< 1’11S11 TO I.ALJNC:II
CIY95 was our year for cxtcnsivc  111)1,  simula[iom  and testing, around  50, many were  drop tcsls f rom

Iowcrs or hclicop(m.  A sampling of these inclLdc:
1.
2.

‘3. .
4.
5
i:
7.
8.

RAl ~ rocket fire drop-tests al china] .:ikc,  ~~alifornia  in ]Jcbruary and ])cccmbcr
Airbag drop Icsts at NASA’s 1.cwis Research ~;entcr l’lum Brook facility in May, July md September.
1 ~i MI flight acceptance tc.sting  will occur in March and April of this year
Airhag retr:icti(~ll/lal~clcr  uprightins  tests in [)ct(JIJcr/N(Jvc]lll~c]
h4ulti-bdy,  ]~aracl~~ltc-bz~cksl~  cll-bricllc-l:il~  (lcl in August  in a desert  outside 130isc, ldaho
Mortar fire parachute deployment and drop tests in September ou(siclc.  Hoist
Altimeter drop tests at (hina 1.akc throughout the summer and fall
IIridlc deploy tests in the summc.r at Oina 1.akc and J})],
Acroshcl]. cruise stage. lander  scnaration tests in the sminr.  summer and fall

Most of 1 H )1.’ simLllatioJ~s  ~nd tcsfin~ are complete. We t~tc  l~l]~ning our final 1{1)1, system Monte Grlo
simulations in March  and in addition to the airbags,  we will complctc  flight acceptance testing for the bridle and
RA1 ) rockets by .lu]y,  finishil]g IiJ)]. readiness for flight. “J’he flight acroshc]l, parachL~tc,  airbags and I< Al> rockets
arc imtallcd on the ftighl  system at 1;1’1<  in .Scptcmbcr. l;light-like  items of lhc.sc  are used in flight system
cnvimnmcnta]  and sysfcm tcs(s in Pasadena.

]1) :iddition, in ] 995, as forecast at project start, WC. started flight system assc.mb]y, test and ]aunch
operations (A’1’l .()) on .)unc 1. l]) l’hasc 1 from .lune. through l)ccc.mbcr,  wc cmcluctcd  initial intcgratim  and test
of all flight subsys[cms  including the rover and instramcmts,  conducted  vibration and centrifuge tcstins  of our
clcdrmic  box which contains mosl of the R]; and digital electronics, and ran System ‘1’cs(s 1 ad 2 focusing on
launch, cruise and 1;1)1,, but accomplishing some surface operations as well, in l;cbruary, we comp]c(c final
spacecraft assembly, nesting and stacking: placing the rover on its pane], folding the lander  panels, placing the
lander  inside the backshc]l,  capping it with the acroshcl] and attaching the crLlisc stage. System ‘1’cst  3 follows
rcpc.sting Systcm ‘1’csts 1 and 2, which were done in a “2-(liillcllsiol):ll”  configuration using  jumper  cables, in the
final flight configuration. ‘1’hen, in March and April  ill our launch/crLlisc  configuration, wc do an acmw(ic  test of
the flight systcJn followed by solar tllcrll~al/\’zlcLILltll,  S’1’V- 1. System ‘J’cst 4 follows S“l’V- 1 cmphasiz.ing sur~dcc
opc.ratims,  prior to a second t}lcrll~al/vacll~ll~l,  STV-2, in JUIIC, bu( this time not quite vacuumj but ;it Mars
atmospbcric  pressure  with the lander and rover in their surface operations configurations. I;ollowing  S’1’V-2,  wc
[Io OLlr final System ‘1’cst 5 in ALlgLIs[  in ]’asadcna  before shipmcn[  10 I i’J’R in August- a thorough test of all
launch, cmisc, 1 i])], ancl surface operations functions.

At 1 ;1’1<,  wc repeat elements of the Pasadena System ‘1’cst 5, final :isscmbl y, final spin balance tests in botb
tbc craisc and entry configurations, pyro arming, fueling, launch vchic.lc mate, ant] launch!

llnlilw NliAR, our launch dots nd happcII at ii convenient time in IIN day, but at 2 a.m. 1 ias[crn Standard
‘] ’imc. ]Icforc the fins] a]]-up  coLIntdowIl  simu]atim with ciwrybody  at tbcir stations, the project wi]] practice this
event at least 3 times by thcmsclvcs- at W kWCh  tjIllC. ] ]O]WfUl]y OLI) ]aUllCh  Wi]] gO aS Wd] aS thC NJiA~
launch. ];igLlrcs 3, 4 am] 5 depict  the lander, its cmisc.  stage and the I-over.
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Table 2: A~RC)NYM  1.1ST

A1’XS =. Alpha, l’mt(m,  X-]{ay Spcclromctcr
AS1/Mli’l’ = Atmospheric StrLICtLWC  lIIStILIIIICIIt/MCtCOIOIOgy
A’1’l.0 = AsscInbl  y, ‘1’cst and 1.NMT  Opcrat  ions
1111’  = IIadshcll lntcrfacc  l’late
(~lrl’ = (lilifmmia lnstitLt(c  of ‘J’cchno]ogy
l;] )1, = 1 intry,  ])csccnt and 1 .anding
111’1< = 1 ‘21s[crn  ‘1’cst  Range
1 lGA = nigh-Gain An(cnna
1 M I’ = ]magcr for M ars J’athfindc.r
ISA =- ]IIsu]atcd  StrLICtlll’C Asscmb]y
1,GA = 1.ow-Gain  Antenna
RAl ) = Rockc( Assisted 1 )c.cclcrat  ion
‘1’1’S = “1’hc.mal  l’rotcclion  Syslcm
LJ(3 .A = lJnivcrsity  of’ (ldifcmia, 1 m Angc]cs
lllll;  = lJltra }Iigh Iircqucncy
(1S(: = Ilnivcrsi[y  of Southern Qlifornia



];igurcl: MARS l’Arl’llIilNl)IiR  I,ANI)lNG  S1’1’li

Rcgimal mosaic showing the Mars l’athfindcr  landing site ( 100 km by 200 km landing ellipse. shown).
‘J’hc mosaic  shows large catastrophic outflow cllanm]s ddmuching from the southcm  hcavil y crated
highlands into ~hrysc  I’lanitia ad the nor(hcra lowlmd  plains. Arcs Vallis flowed to the norlhwcst  (from
[k souihcasl)  across  the landing site. ‘1’iu Vallcs, just 10 the WCS( of Arcs Vallis, probably also flowed
across the lan(iing arc.a. ‘1’hc landing site itself is a very smooth clcpositional  surfacz, where the flood
walers deposited the sc(iimcnts  carvd  from the channels. I .:inding  at this location should allow :tnalysis of
a wide variety of rock types deposited by the flood.
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l;igurc 2: MARS l’A’l’llfJINl)I;R  1.ANI)IR

11



12



Mgurc 4: MARS I)A’lll  II UN])]{]< ROVI;I<


